We investigated the calls of male putty-nosed monkeys produced in response to playbacks of leopard, Panthera pardus, growls and crowned eagle, Stephanoaetus coronatus, shrieks. Two call types, hacks and pyows were produced and both occurred within alarm-calling sequences regardless of the predator category simulated by the playbacks. Unlike previous studies of alarm calling in guenon monkeys, we therefore could not conclude that the alarm calls of putty-nosed males are functionally referential. There were, however, striking regularities in the patterning of the calls given in response to these stimuli and different call combinations were strongly associated with each of the two predator types. While we concluded that individual calls did not qualify as vehicles of semantic content, these males produced structurally unique call sequences that provided sufficient information for receivers to select appropriate antipredator responses.
Traditionally, animal vocal signal production has been viewed as dependent upon the motivational or affective state of the caller (e.g. Lancaster 1975; Morton 1982) . A number of mammalian alarm-calling systems have been documented in which acoustically distinct alarm call types appear to encode information about the level of threat imposed by a predator according to its proximity or hunting tactics (e.g. Owings & Virginia 1978; Owings & Leger 1980) . Alternatively, differences in the level of threat may be reflected in the number of notes in alarm calls (e.g. Blumstein 1995) or the length of the call (e.g. Le Roux et al. 2001 ) Such alarm-calling systems, known as response urgency systems, are common to species with similar escape strategies (e.g. bolting into a burrow) in the face of all predators (Macedonia & Evans 1993) . Call types have only a probabilistic association with the eliciting stimulus and contextual information can be important in determining the responses of conspecifics (Leger et al. 1979) .
Signal systems that show production specificity, discrete structure and context independence are collectively known as functionally referential systems (Evans 1997). A functionally referential alarm-calling system provides conspecific listeners with sufficient information about the eliciting stimulus to enable them to respond to alarm calls as though they had direct evidence of the presence of the predator. While contextual information is unlikely to be redundant, it is not necessary for the selection of the appropriate antipredator response. The classic case of a functionally referential system is the alarm-calling system of vervet monkeys, Chlorocebus aethiops, which have several acoustically distinct alarm calls for leopards, eagles and pythons (Struhsaker 1967) . They respond to these alarm calls by taking evasive action that is appropriate to the hunting tactics of the predator in question. They also respond appropriately to playbacks of alarm calls in the absence of any visual contextual cues and are relatively uninfluenced by other forms of contextual information (Seyfarth et al. 1980) . Vervet alarm calls appear to be insensitive to the spatial location (Struhsaker 1967) and proximity of the predator (Cheney & Seyfarth 1990). Furthermore, each alarm call type is associated with a narrow range of stimuli thereby providing listeners with specific information (Seyfarth & Cheney 1980) . These findings first raised the possibility that certain animal signals might designate external objects or events (Seyfarth et al. 1980; Cheney & Seyfarth 1990; Seyfarth & Cheney 1993) .
Since then, several other primate alarm-calling systems have been identified as functionally referential. Like vervet monkeys, ringtailed lemurs, Lemur catta, Diana monkeys, Cercopithecus diana, and Campbell's monkeys, Cercopithecus campbelli, also produce acoustically distinct alarm calls to ground predators and large raptors regardless of the level of threat (Macedonia 1990; Pereira & Macedonia 1990; Zuberbühler 2000a Zuberbühler , 2001 . Two other lemur species, redfronted lemurs, Eulemur fulvus rufus, and white sifakas,
